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the Alr Force Qffice of Scientific Research,

‘ted Technologiles (Corporation Research (Center,
Contract F4962C-78-C-0064, Project Task No.
peri ered bv this r as froz 1 June 1978

od cov
e

portions of the investigation were conducted in the UTRC

This facility was constructed during 1977 and underwent
ion tests during 1978. The UTRC Unifcrz Heat Flux
tructed, instrumented, and tested during 1978. Finally,

“
Qe
o
i
o
re

sition system for the UTRC Boundary Laver Wind Tunnel
cted and made operaticnal diring 1978. The constructi

Conztract “unded efforts have been devezed to the mea

surement and analvsis of
the hest transier Zistritut.ons, buundary laver prolile and curbulence data discussed
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An Evperimental and Analvsical Studv of Boundary
r

Lavers In Hignly Turbulent

STATEMENT OF WORK

Zemtractor snall furnish scientific effors, teoan.mer with 211 related
facilicles, suppiies and maierials, needed to concuct ie fcllowing

For fulilyv turbulent boundary laver flow, convective heat transier co-
ficien:s, poundary laver mean velocitvy and texzperature pr
i essure dls’*‘butlons, and free-stream turbulence intensity,

using the Contractor's instrumented flat wall installed in the
| )

L o
spectral, and longitudinal integral scale distributions shail be
e c

ontractor's Joundary Laver wind Tunnel. These data shall be chtained

with a Ir=ze-stream :turbulence intensitv level below 1 percent Ior twe
constant free-stream velocities and for three free-stream turbu.ence
revels sreater than 1 percent for one constant free-stream velocity

ive flow conditions). From these data the integral
entvn, displacement, and enthalpy thickness)

coundary lavers will be calculated, and where applicable, :h

dzta will be reduced to the "universal" coordinates for turhulent
Dounlary lavers.

The measured heat transier distributions and turbulent boundarw laver
crofile cata obtained under paragraph a above shall be cempared to
credicticns of the UIRC Finite-Difference Boundary Laver deck. The
Irce-strean turbulence energy entroinment . ulation procedure
currentic frmcornorzted in the UTRC decw wi: - evaliuvatsd usinz these

For tran-:tional boundary laver flow, convective heat transfer co-
erfizients, boundary layver mean velocity and temperature profiles, wal.
static pressure distributions, and free-stream turbulence intensity,
spectral, and longitudinal integral scule distributions shall be

measure< using the Contractor's instrumcuted flat wall installed in
the Contruactor's Boundary Laver Wind Tunnel. These data shall bde ob-
tained for two free-stream acceleration levels with two free-stream
turculence levels each for a total of Jour flow conditions. From ol se
data, the integral properzies (memecntum, displacement, and enthalpy
thickness) of the boundary lavere . 1! he calculated, and, where
aprlicable, the prefile data wil,  reguced to the Tuniversal”
coordinates for turbulent bounde:: Lavers.
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The measured heat transrfer ¢istributions and transitional boundary
laver profile data obtained under paragraph c¢ above shall be compared
to prodictions of the UTRC Finite-Difference Boundarvy Layer deck.

The method emploved in the UTRC deck to comput: transitional boundary

lavers Zlows will be evaluated using these comparisons.
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distritution consiitently repcrted verw large and important iafluences. The

Surrent conLract was conducted in order to clarifv these contradicrions. Both

wall neat transier and Zo2tailed boundary laver yprofile cdata were obtained for fully
terculent houndary lavers for a range 0f ireestrean turbulence levels to provide
data which will Zefinitivalw indicate the influence that freestrean turculence level
mas on fullv ncary laver heat transizsr. In addicion, these =xperi-
mental Zata to ovaluate the turbuleace entrainment models currently
incorroratel inmoan ewisting boundary laver calculation technigue.

tream turbulence on the zerc pres-
Revnolds nurber are well understcod. The
transition process becores considerably
which the boundary laver is alsc exposed
the cormbined influence of turzulence

T é sigr of the pressure graiient and
the relative strznzoth of the two effects. For adverse pressure gracients both the
tursulonce : gration promote the transition process and in this case the

avalzalle I d it e to asses:s the relative guality
of Touniary laver zalculation technicues for these flows. For these reasons, as
part oI [hs it a
temToriiur
Tlows uwroee
PaLL LT T
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niare lavers. These data ave fundamental In patur: (1< can be emrloved by both
T o4nd ctrr worsers in the field of boundarv laver cronutation for evaluation of
mnlvtical models.  In addition, the contract ewperire:ntse provide & valuable bodv
detailed heat transier anc btoundary laver profile Juta directlv relevant to the
rrenler predicting Peat transfcer distributions on gas turcine airfoils. Finally,
ar rentioned atove, the inforrmation could result irn r~ore accurate blade neat transfer
cistritution precicrion techniques and therchy the rore efficivnt use of Tlade
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er this contract, research was conducted to examine twe uspects
: (1) the influence of free-stream turbulence on
eno, fullv turbulent Soundary layer Ilow; and topic (2) the

tream tur-ulence and favorable streamwise pressure

1 ective heat transfer coetficients, boundary
at profile data and wall static pressure dis-
or five flow conditions of constant fres-stream
lence intensities ranging from approximately 1/4%
t turbulence intensity, longitudinal integra
ns were obtained for the various turbulence 1
Statement of Work. In addition, in fu

These daza fullill the iri
task "d" of = of Work comoarisons were wade between the data of
R fference Boundary Laver Cack. A
3, The Infiluence of Free-S:irean

Iv Turbulent Boundaryv Laver' was pre-
cnducted for zopic (l). R

(& (=4
scription of the rewly constructed wind
ucted as well as details of a r

r

ilitv, (2) details of a
al sis techniques emploved, (3) zmulsi-
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e
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s

measurcments to insure data ¢

is expcriment. In addition, for appli-
ro

ata obtained in the present p arc and

e}
ir3
’1

on of the present data indicated
free of ancmolies.

Anuaivsis of the deta inslrates that the heat transfer, skin friction, velocity
and temperature mesn profile, and free-strearn turbulence data form a self-consistent
set of informazion. The rollowing conclusions were reached from the work conducted
for topic (1). These conclusions indicate that for gas turbine applications,
where free=-stream turbulence levels can be extrencly high, the iniluence of the
turculen-e oo the alr:ioil nedat transter could be significant.

or zerc pres:@ure pradient, turbulent boundars laver flow, the skin friction

cuselfiolent inoreaces witho o increasing rree-ctrean turbulence level. A oan examihle,
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LIST OF WRITTEN PUBLICATIONS

The following papers are currently being prepared for submission to conferenccs
and journals. Copies of thes papers will be sent to AFOSR simultaneously with
their submission for publication. Likely titles, authors and journals are as
follows:

1. Title - Development of a Large-Scale Wind Yunnel Ior the Simulation of
Turbomachinery Airfoil Boundary Layers.

Authors - Blair, M. F., Bailey, D. A. and Schlinker, R. H.
Journal - Presented at 1981 ASME GAS TURBINE CONFERENCE, Houston,
Texas, March 1981, Accepted for publicazion in ASME Journal
of Engineering for Power
Note - Most of the work reported in this paper was funded by United
' Technologies Corporation. Some data from task "a" of the Statement
of Work of the present contract were used to demonstrate the tunnel

performance.

2. Titie - The Influence of Free-Stream Turbulence on Skin Friction and Heat
Transfer for a Turbulent Boundary Laver

Author - Blair, M. F.

Jourrnal - ASME Journal of Heat Transfer

3. Title - Combined Influence of Free-Stream Turbulence and Favorable Streamwise
Pressure Gradients on Boundary Layer Transition

Author - Blair, M. F.
Journal - ASME Journal of Heat Transfer

LIST OF PROFESSIONAL PERSONNEL A5:. LATED
WITH THE RESEARCH EFFORT

Blair, Michael F. - Senior Research Engineer, Gas Turuvine Technology Group,
Gas Dynamics Section
- Principal Investigator and Project Manager
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Dring, Zobert P. - Supervisor, Gas Turbine Technology Group,
Gas Dynamics Section
Werle, Michael, J. - Section Chief, Gas Dynamics Sec:tion
INTERACTIONS
a. Spowen Parers
1., Title - Influence of Free-Stream Turbulence on Turbulent Boundary

Laver Heat Transfer

Speaxker - Blair, M., F.
orum - Lehigh University - Mechanical Engineering and
Mechanics Seminar

Jate - March 27, 1981

b. Consultive and Advisory functions - Discussions have been held with Professor
David Walxer of Lehigh University concerning the use of a turbulent boundary
laver/pressure gradient data analysis developed bv him. Professor Walker's
cata analyvsis syst was developed under AFOSR funding.

¢. Comnmunications with Aroressor Peter Bradshaw of Imperial Colliege, London,
Engzlond regarding the subject material of this contract have proved to be
extrenely useful. Professor Bradshaw has requested that he be kept informed

ozress of our investigation and has provided a number of helpful
oncerning the interpretation of our data. A number of papers

c
b imsell and theses bv his graduate students have proved particularly
uselul, Professor Bradshaw's expertise in this area is widelv recognized.
He will serve as data ev:..uator of the Group I1I1I-3 Flow Cases - "Effect of
Free-Stream Turbulence o: soundary Lavers'" for the 1980-81 AFOSR-HTTM-
Stanicrd Conference on (. olex Turbulent Flows: Comparison of Computation

and IZxperiment.

L1¢7 +7 NEW DISCOVERIES OR PATENTS

No specific new discoveries or patents have resulted from any work conducted

under this contract.
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